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AUTONOMOUS MOBILE APPARATUS FOR 
PERFORMING WORK WITHIN A PREDEFINED 

AREA 

FIELD OF THE INVENTION 

[0001] The present invention concerns an automatic Work 
ing machine, that is an autonomous mobile apparatus for 
performing Work Within a pre-de?ned area. 

BACKGROUND OF THE INVENTION 

[0002] As part of our daily lives We often have to perform 
many jobs Which have to be carried out in a progressive 
manner over a de?ned Working area. Such jobs are often 
completed With a backwards and forWards motion. 
Examples of these are household chores such as sweeping, 
vacuuming, ?oor polishing, painting and cutting the grass 
etc. Other examples include construction Work and farming 
jobs, such as cementing, soWing, fertilising, aerating and 
reaping etc. 

[0003] Using conventional methods, a user Will normally 
operate a tool or drive a vehicle in a backWards and forWards 
manner, or up and doWn Within a speci?ed Working area. To 
obtain maximum ef?ciency, a minimum portion of the neW 
Working area should slightly overlap With the previously 
Worked-on area, such as When moWing a laWn to create a 
striped effect. 

[0004] LaWn moWers are Widely used for the maintenance 
of laWns, mainly at homes and residences, but also in 
commercial environments. MoWers Were originally manu 
ally operated, relying on the user to push them along, but the 
laWn moWer has gradually developed and noWadays, most 
cutters and moWers are commonly poWered by electric or 
petrol engines. 
[0005] The user hoWever must still exert a considerable 
force to push the moWer forWards and the majority of 
moWers still rely on a user to guide and operate them. This 
makes laWn moWing a moderately dif?cult and time con 
suming task. For larger laWns, poWered moWers may take 
the form of small vehicles on Which the user sits. These 
vehicles are usually expensive and are only really suitable 
for large scale applications. 

[0006] Numerous proposals have been made in the past, 
for automatic moWers, Which are said to be suitable for 
automatic and unattended operation. Most of the knoWn 
proposed moWers are designed to operate only on a pre 
prepared laWn, in Which some form of mechanical guidance 
is provided. For example, rails and/or magnets buried in the 
laWn, or the need to folloW a speci?c pre-programmed path 
around the laWn, starting from an arbitrary origin. These 
methods also use cables, pulleys and/or physical barriers as 
boundaries etc., but such devices are someWhat limited in 
application, particularly because of the fact that they are not 
alWays easy to install and are in effect dedicated to a single 
laWn. 

[0007] Within the prior art various techniques are speci 
?ed for determining a route to folloW, and methods are 
explained that can steer a device or vehicle along the correct 
route. A feW of the methods are explained here brie?y as an 
example, Which many previous inventions employ. 

[0008] Some patents propose that the device or machine 
has a memory of some description and that it builds and 
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stores a map of the complete Working area. This can become 
a problem if the Working area is large. Other methods 
propose a route control mechanism that determines Where 
the boundary may be, this mechanism continuously moni 
tors the difference betWeen cut and uncut grass. The use of 
physical guide-rails, tensioned cables and/or pulleys, are 
also used to determine the boundaries of the Working area. 
Other methods propose the use of scanning light beams and 
various calculations, Which determine the angles and aZi 
muths to certain reference points around the Working area. 

[0009] Patent EP 0266295 details one such application, 
Where the machine steers With the use of guide rails and 
Patent EP 0194086 applies a similar principle for steering 
purposes, but using tensioned cables instead, extended 
across the laWn area. Patent EP 0774702 uses boundary 
magnets to mark out the Working area, Whereas US. Pat. No. 
4,694,639 proposes the use of a paper tape to memorise the 
Working area. Other ideas to aid steering and route control 
are described in UK Patent GB 2290212 and UK Patent GB 
2285905, Which detail steering methods operated by deter 
mining the difference betWeen cut and uncut grass. PCT WO 
98/01017 also describes a method of folloWing a Working 
area boundary using the difference betWeen cut and uncut 
grass. 

[0010] For the automatic machine Working Within a spe 
ci?c area as in US. Pat. No. 4,919,224, the applicant 
developed a boundary detecting device and a front-Wheel 
steering device, Which controls the vehicle movement 
betWeen boundaries de?ning the Working area. It has also 
been proposed that only a front-Wheel steering device is 
applied to control the straight motion of the vehicle, and the 
de?ecting angle of motion is to be detected and corrected by 
means of guide-line sensing. 

[0011] In the US. Pat. No. 3,744,586, a ?at surface is used 
as a reference surface to guide a moving machine. The 
machine is controlled to move straight by means, Which 
enable it to move along a ?at surface. The turning movement 
of the machine is governed by a turning control device, 
Which controls all four Wheels of the machine. 

[0012] With regard to straight movement, the US. Pat. 
No. 3,744,586 requires a ?at surface. 

[0013] With regard to turning and shifting to make a 
displacement, the US. Pat. No. 3,744,586 does not seem to 
have a Way to turn its “Head”, instead, the vehicle moves 
directly backWards When reaching the boundary and there 
fore the vehicle seems only easily to be used in bi-directional 
machines. 

[0014] A remote control type moWer, like US. Pat. No. 
4,545,453 requires an operator. 

[0015] US. Pat. Nos. 3,425,197 and 4,133,404 disclose a 
laWn moWer mounted With a device for detecting a margin 
position betWeen the moWed area and the un-moWed area, in 
order to automatically guide the moWer in circles (outside in, 
or inside out) until the laWn is moWed Within an area. 
HoWever, its operation must be controlled by a person in the 
initial moWing circle, thus requiring some manpoWer. In 
US. Pat. No. 4,133,404, a moWer has a function for detour 
ing obstacles on the laWn, but the external area around the 
obstacle must be moWed in advance. 

[0016] By means of memory and reproduction devices to 
produce signals for controlling the route, US. Pat. No. 



US 2003/0023356 A1 

3,840,086 discloses the use of tapes for recording the route 
and using this as the means of control. Republic of China 
Patent Application No. 7410043 employs a pen mounted 
upon a paper reel device for making a route record, Which 
then is read by a photoelectric cell in order for a motorised 
control to reproduce the route. HoWever, such methods are 
based on preset procedures to control the machine’s course 
of travel. Therefore, circumstances such as an incorrect 
starting position or direction, Wheel slippage during travel, 
or touching an obstacle, Will cause a deviation from the 
preset route and potentially cause injury. This route control 
method is called “Open Loop” control and is deemed 
someWhat impractical. 

[0017] It has also been proposed, for eXample in PCT 
Patent Application No. WO 92104817 and in French Patent 
Application No. 2 645 700, to provide a moWer Whose route 
is determined in response to obstacles at the boundaries of 
the surface to be moWed. Such moWers require that the 
boundary of the surface to be moWed, be provided With 
obstacles, ie some form of physical barrier or Working area 
containment fence, Which the moWer’s detection system can 
detect. The boundaries of the surface to be moWed have to 
be specially prepared to be suitable for moWing by the 
moWer. 

[0018] International patent publication WO 98/41081 
(Solar and Robotics SA) describes improvements to a self 
propelled laWn moWer. The moWer includes at least one 
drive Wheel and at its loWer surface at least tWo juxtaposed 
cutters, each associated With an electric motor. An electronic 
system controls the forWard movement of the machine. The 
force supplied by each cutter is measured and an on-board 
computer uses this information to seek grass surfaces to be 
moWed according to a memorised algorithm. The limits of 
the surface to be moWed are detected by magnetic ?eld 
measurement or the variation of a magnetic ?eld emitted or 
caused by a Wire buried at the limits. 

[0019] The machine according to US. Pat. No. 4,180,964 
comprises a metal Wire (or band) laid in a desired path as a 
conductor for controlling the pendulous position of a magnet 
on the laWn moWer. Using electrical contact points and 
relevant mechanisms to correct its direction, the laWn moWer 
moves along the Wire. This technique is Well knoWn and 
used in automation plants. Current in the Wire generates an 
alternating magnetic ?eld, Which induces the coils on the 
automatic vehicle to control the vehicle’s movement. 

[0020] HoWever, if this control method is used to control 
an entire laWn moWing route, a Wire must be laid along the 
entire laWn moWing route, Which Would snake and meander 
up and doWn the entire laWn. It is therefore believed to be 
not really practical, especially on large laWns. 

OBJECTS OF THE INVENTION 

[0021] It is an object of the present invention to provide an 
automatic Working machine to solve or alleviate the previ 
ously mentioned problems, and to provide a simple and 
reliable route control device for such an apparatus. 

[0022] A preferred object of the present invention is to 
provide a grass cutting device or laWn moWer and in 
particular, a form of laWn moWer, Which is adapted for fully 
automatic and unattended operation. 

[0023] It is also an object of this invention to provide a 
moWer adapted for automatic and unattended operation, 

Jan. 30, 2003 

Which gives versatility and alloWs the above disadvantages 
to be reduced or substantially obviated. 

SUMMARY OF THE INVENTION 

[0024] According to the invention, there is provided an 
autonomous mobile apparatus for performing Work Within a 
pre-de?ned area, the apparatus comprising: 

[0025] 
[0026] tWo ground engaging drive Wheels positioned 

one at each side of the platform; 

a platform; 

[0027] drive means for independently driving each 
drive Wheel; 

[0028] a control device for continuously controlling 
the drive means, Whereby operation of the drive 
means causes the apparatus to progress over a pre 

determined route Within the predetermined area; 

[0029] a navigation device coupled to the control 
device for sensing the orientation of the apparatus; 
and 

[0030] at least one border sensor coupled to the 
control device for sensing the proXimity of signal 
means de?ning the borders of the prede?ned area. 

[0031] This invention requires no personal supervision 
and its typical embodiment is a fully automatic laWn moWer, 
Which is autonomous, controlling its oWn course of travel, 
avoiding and detouring around obstacles and restricted areas 
via a series of onboard environmental sensors. 

[0032] In comparison With the prior art, this invention 
avoids using motor relays, by enabling only solid state 
sWitching and electronic poWer regulation to be employed. 
Determination of the coordinates relative to an arbitrary “X, 
Y, Z” origin is not required. The use of rotary photo encoders 
for speed and position control is also avoided. 

[0033] In contrast to US. Pat. Nos. 3,425,197 and 4,133, 
404 the present invention provides a device Which can be 
operated automatically, Without manpoWer or personal 
supervision. 
[0034] Unlike most of the prior art, the present invention 
provides tWo independent drive Wheels, mounted on both 
sides of the apparatus, such that each drive Wheel can be 
driven forWard or backWards to move the vehicle along the 
required route. 

[0035] The control device is preferably capable of oper 
ating on the basis of closed loop control. A “Closed Loop”, 
loW cost and reliable route control method is the desired 
requirement. 
[0036] In contrast to US. Pat. No. 3,744,586, in the 
present invention, the speed of the tWo drive Wheels can be 
varied independently so as to keep the mileage of the Wheels 
the same, even When the vehicle encounters uneven sur 
faces. This control method is an eXample of “Closed Loop” 
control, Which is deemed to give better precision than the 
prior art. 

[0037] The achievement of the closed loop route control 
method is only a part of the requirement of an automatic 
vehicle, in fact, a fully automatic vehicle must start auto 
matically at a preset time, leave its parking place and begin 
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Working Within the Working area. Depending on the condi 
tions Within the Working area, the fully automatic vehicle 
can perform various control functions, such as changing its 
speed, perform detours around stationary obstacles or 
restricted areas, and stop and Warn objects audibly and/or 
visually that move in front of, or across, its path. Upon 
completion, or encountering an exceptional condition, such 
as insufficiency of fuel, incumbent Weather, or the Working 
area being too Wet, it Will stop Work automatically. It can 
also, if so desired, return to the original parking place, or 
simply park at the Working area boundary. In addition, the 
fully automatic vehicle has a tamper proof, security alarm 
function, so that it can operate Without any supervision 
Within the Working area. Various preferred features of the 
present invention provide these functions. 

[0038] The border sensors are preferably in the form of 
induction coils mounted on the front and rear ends of the 
apparatus. 

[0039] The apparatus preferably further comprises means 
coupled to the control device for detecting the presence of 
obstacles lying in the path of the predetermined route, and 
responding thereto. For eXample, an infra-red distance 
measuring device is mounted on the apparatus for detecting 
objects in its path. If the apparatus encounters an obstacle 
While moving in the forWard direction, it is able to detect 
Whether the object is moving or stationary and Will emit a 
Warning sound in the direction of the object before continu 
ing ahead. This activity Will cause the device to retreat and 
turn aWay from the obstacle if it does not respond to the 
audible Warning. Obstacles, Which are detected and limit the 
travel of the apparatus, may be things such as stones, trees, 
Walls, posts or Washing lines etc. Alternatively, the obstacle 
may be the edge of a laWn and different sensors may be 
provided for the detection of such different kinds of obstacle. 

[0040] The apparatus may further comprise a poWer 
source carried by the platform, such as a rechargeable poWer 
source. Aplurality of solar cells can be provided for recharg 
ing the rechargeable poWer source or to supplement poWer 
derived from a battery. This means that the device can be left 
in operation for long periods Without supervision, and as a 
result, poWer consumption and noise levels are loW. Means 
can usefully be included to indicate the state of charge of the 
poWer source. 

[0041] The apparatus may further comprise a ground 
engaging castor Wheel carried by the platform at a position 
spaced from the drive Wheels. By the term “Wheel” as used 
herein, in the conteXt of drive Wheels and castor Wheels, 
rollers of suitable dimensions are to be taken to be included. 

[0042] When the apparatus is adapted to operate as a laWn 
moWer, the platform carries a grass cutting device Which 
may be a rotary cutter, a ?ail cutter or a reciprocating bar 
cutter, but Which preferably includes a rotary cutting blade 
assembly. 
[0043] The apparatus may further comprise means 
coupled to the control device for detecting prevailing envi 
ronmental conditions, in particular light levels, temperature, 
surface moisture and rain. For eXample, onboard rain and 
temperature sensors Will cause the Work to be interrupted on 
rainy days, or When the ground is Wet. Instead of a rain 
sensor Which detects the presence of rain, a humidity sensor 
may be used Which predicts the likely onset of rain in the 
immediate future. 
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[0044] The control device is preferably pre-programmed 
With a plurality of selectable different routes Within the 
predetermined area. Ideally, the control device is manually 
programmable, for eXample an operator interface is carried 
by the platform, to enable programming of the control 
device by an operator and/or the control device includes a 
signal receiver, to enable programming of the control device 
by a signal generating remote control programming device. 
When a remote control programming device is used, We 
prefer that the necessary processing poWer for controlling 
the apparatus is carried on the platform, rather than on the 
remote control programming device. 

[0045] The control device may include a real time clock 
and be programmed to start the operation of the drive 
devices at a speci?ed time. 

[0046] The drive means should be capable of indepen 
dently driving each drive Wheel in both forWard and reverse 
directions and capable of independently driving each drive 
Wheel at variable speeds. The drive means may be consti 
tuted by separate stepper motors, one for each drive Wheel, 
although these can also be substituted for by DC geared 
motors. When the apparatus moves straight forWard, the 
speed of the tWo drive Wheels are equal to each other. When 
the machine body turns, each of the tWo Wheels indepen 
dently maintain a suitable speed for turning the machine, for 
eXample to position the front of the apparatus opposite to the 
original moving direction or perpendicular to the guide line, 
Where applicable. 

[0047] In contrast to US. Pat. No. 3,744,586, the present 
invention can directly turn its “Head” and move in a 
displacement direction in line With the aXis of the drive 
Wheels. The movement of the machine is guided by a series 
of environment and guideline sensing modules, Which gen 
erate feedback signals to the machine in order to indicate the 
required movement. In other Words, the front of the machine 
alWays heads in the direction of movement, although back 
Wards movement is easily possible and is sometimes 
employed to avoid obstacles, as and When necessary. 

[0048] The control device preferably includes means for 
controlling the speed of movement of the apparatus. The 
apparatus may also further comprise manually operable 
de-activation means coupled to the control device. 

[0049] The navigation device is preferably constituted by 
a digital compass, although other global positioning systems 
(GPS) may also be used. Where a digital compass is used, 
this is arranged to be continually monitored for directional 
errors to enable corresponding adjustments to be made to the 
drive Wheels. For example, When the control device is 
programmed to drive the moWer in a straight line, the output 
of the digital compass is continuously checked to ensure that 
it remains constant. If the compass reading changes, indi 
cating a deviation from the straight line, the control device 
adjusts the signals to the tWo drive motors so as to effect the 
necessary correction. In another eXample, When the control 
device is programmed to turn the moWer, for eXample 
through 90° or 180°, the output of the digital compass is 
checked to ensure the desired eXtent of rotation. If the 
compass reading does not change by the eXpected amount, 
the control device adjusts the signals to the tWo drive motors 
to make the necessary correction. 

[0050] Apreferred apparatus also includes a tilt sensor to 
detect any adverse camber or gradients in the Working area, 
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Which the apparatus Will attempt to avoid and Work around. 
A secret code control procedure can be incorporated for 
manual starting, and an anti-tampering device including an 
alarm system for burglar-proof purposes. 

[0051] The apparatus as described is preferably used With 
at least one guide line in the form of an elongate conductor 
positioned to de?ne the borders of the predetermined area, 
and a signal generator for applying a border signal of 
predetermined character to the elongate conductor, the bor 
der sensor being capable of sensing the border signal as the 
apparatus approaches a border of the predetermined area. 
The border sensors mounted on the front of the apparatus 
detect the position of the guide lines. 

[0052] Where the predetermined area includes Within its 
borders an eXcluded area, at least one further elongate 
conductor may be positioned to de?ne the limits of the 
eXcluded area and a signal generator is provided for apply 
ing a limit signal of predetermined character, distinguishable 
from the border signal, to the further elongate conductor, the 
border sensor being capable of sensing the limit signal as the 
apparatus approaches the limits of the eXcluded area. 

[0053] Thus, in a preferred embodiment of the invention, 
?rstly a Wire is laid around the perimeter of the Working 
area, and another Wire is laid around the external edge of 
restricted areas such as ponds, ?oWer beds, rookeries, etc. 
located Within the Working area. These Wires are fed With 
alternating current at different frequencies. Border sensors in 
the form of induction coils are mounted on the front and rear 
ends of the apparatus for detecting the location of the Wires, 
in order to guide the apparatus Within the Working area 
around the restricted areas. An onboard computer starts the 
poWer source of the vehicle at a preset time, and the 
apparatus then begins to operate Within the Working area 
until it reaches the boundary Wire, Which reroutes the 
apparatus in the opposite direction. Thus, the interior of the 
Working area is moWed in a parallel back and forth manner. 
Speci?cally, after the vehicle reaches the ?rst frequency 
Wire, it moves sideWays one operational Width, and then 
proceeds back in an opposite direction parallel With the edge 
of the already-moWed area until reaching the ?rst frequency 
Wire again at the other end of the laWn. Alternatively, a 
random sequence of cutting can be selected, if desired, but 
one preferred mode of operation Will usually be to move 
around the Working area in parallel lines. 

[0054] This method of operation Will be repeated again 
and again until all the areas Within the Working area have 
been ?nished. Upon completion, the apparatus may if so 
desired, complete the job again, or return to the original 
parking place or stop at the boundary, adjacent to Where it 
has ?nished. When the apparatus encounters a restricted area 
on the route, (i.e., detecting a different frequency Wire) it 
Will turn around and proceed back in an opposite parallel 
direction. The apparatus continues in this back and forth 
manner until one side of the restricted area is ?nished. It Will 
then detour to the other side of the restricted area, folloWing 
the restricted area boundary and continue to Work. 

[0055] The invention Will noW be described in more detail, 
using illustration only With reference to the accompanying 
draWings: 

[0056] 
moWer; 

FIG. 1 is a general vieW of an embodiment of the 
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[0057] FIG. 2A is a diagrammatic representation of the 
moWer With the upper case removed, shoWn in plan vieW; 

[0058] FIG. 2B is a diagrammatic representation of the 
moWer With the upper case removed, shoWn in side vieW; 

[0059] FIG. 2C is a diagrammatic representation of the 
moWer With the upper case removed, shoWn in end vieW; 

[0060] FIG. 3 is a How chart of the automatic operation of 
the present invention; 

[0061] FIG. 4 is a functional diagram of the arrangement 
and control route of the guiding Wires; and 

[0062] FIGS. 5 and 6 are vieWs, similar to the plan vieW 
of 

[0063] FIG. 2A, shoWing alternative embodiments of the 
invention, With some detail removed for the sake of clarity. 

[0064] The autonomous mobile apparatus shoWn in FIGS. 
1 and 2 is in the form of a laWn moWer. The moWer has a 
housing 1 Which includes a base plate 28, a protective cover 
29 and tWo ground engaging drive Wheels 2 positioned one 
at each side of the base plate 28. The moWer also includes 
a ground engaging castor Wheel 3 Which is carried by the 
base plate 28 at a position spaced from the drive Wheels 2 
and constitutes the third point of triangular stability along 
With the tWo drive Wheels 2. The drive Wheels 2 can be either 
spiked or have a heavy duty tread to improve aeration and 
to reduce damage to and compaction of the grass, resulting 
from constant traversing by the moWer. 

[0065] The moWer includes a rechargeable battery 10 
carried by the base plate 28. 

[0066] A touch sensitive bumper 5 is located around the 
complete circumference of the base plate 28. 

[0067] Border sensors 6 are provided for sensing the 
proximity of the borders of the prede?ned area. 

[0068] 
of use. 

It is also possible to have a carrying handle for ease 

[0069] To enable the apparatus to operate as a laWn 
moWer, the base plate 28 carries a grass cutting device Which 
includes a rotary cutting blade assembly 8 mounted beneath 
base plate 28 and a “Height of cut” adjustment mechanism 
7 is also provided. The cutting blade assembly 8 is provided 
With rotating cutters driven by a motor 9 Which is poWered 
by the rechargeable battery 10 and Which can be geared if 
required. 
[0070] Drive means in the form of DC stepper motors 11, 
12 are provided for independently driving each drive Wheel 
2. The drive motors 11, 12 are capable of independently 
driving each drive Wheel in both forWard and reverse 
directions and at variable speeds. 

[0071] A solar panel made up of a number of solar cells 4 
and a charging circuit are provided for storing and supplying 
the required poWer by recharging the rechargeable battery 
10. The solar cells 4 are located on top of the housing 1. The 
solar cells 4 are used to recharge the battery 10, Which not 
only poWers the cutter assembly 8 and Wheels 2 but also 
provides the poWer for the control systems for the moWer. 

[0072] A control device in the form of an onboard com 
puter 14 continuously controls the drive motors 11, 12, 
Whereby operation of the drive motors 11, 12 causes the 
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mower to progress over a predetermined route within the 
predetermined area. The drive wheels 2 can be driven 
forward, backward and at Zero speed, via a transmission 
control device, which receives control signals from the 
computer 14. 

[0073] The computer 14 also controls the operation of the 
peripheral devices and implements speci?c procedures 
according to signals received from the various sensors 
carried on the mower as described in more detail later. 

[0074] The computer 14 operates on the basis of closed 
loop control. A navigation device in the form of a digital 
compass 13 is coupled to the computer 14 and senses the 
orientation of the mower. The computer 14 is pre-pro 
grammed with a plurality of selectable different routes 
within the predetermined area. For eXample, computer 14 
controls the mower in order to move forward, backward, and 
turn. 

[0075] To enable the computer 14 to be manually pro 
grammable, an operator interface 15 is carried by the base 
plate 28, to enable programming of the computer 14 by an 
operator and a signal receiver 32 is provided to enable 
programming of the computer 14 by a remote control unit 
27. The necessary processing power for controlling the 
mower is carried on the platform, rather than on the remote 
control unit 27. 

[0076] The operator interface 15, which includes an opera 
tion and display panel, is installed at the rear of the mower 
and is removable or has a protective cover to avoid being 
eXposed and operated by a non-authoriZed person. The 
display panel displays necessary operational information 
including the state of charge of the rechargeable battery 10. 
In addition, the operator interface 15 enables manual and 
automatic mower operations to be set and adjusted. One 
such operation, which requires setting, is the start time of the 
mower. The computer 14 includes a real time clock 16 and 
is programmed to start the operation of the drive devices at 
a speci?ed or preset time. According to this preset time, 
either a date or a periodic time, the clock 16 generates a 
signal to start a main switch of the mower. The clock 16 has 
an independent power supply not shown, enabling it to 
measure time while the mower is parked and switched off. 

[0077] The mower also includes manually operable emer 
gency stop switches 17 coupled to the computer 14. These 
emergency stop switches 17, which may be in the form of 
push-button and touch switches located throughout the 
mower, temporarily stop the mower in an emergency and 
can reset the mower following the emergency. 

[0078] The computer 14 includes a speed control device to 
limit the speed of movement of the mower. 

[0079] The border sensors 6 comprise several groups of 
coils mounted in the front and rear ends of the mower and 
coupled to the computer 14 for sensing the alternating 
magnetic ?eld within the wires laid on the ground, these 
detect the location of the wires and use the information to 
control the travelling route of the mower. 

[0080] Several infra-red distance measuring devices 18 
are mounted at the front and the rear of the machine, coupled 
to the computer 14 for detecting the presence of obstacles 
lying in the path of the predetermined route, and responding 
thereto. Each distance measuring devices 18 comprises 
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several transmission and reception units with calculating 
circuits for measuring the distance between the obstacles 
and the mower, during travelling. 

[0081] The digital compass 13 furnishes the computer 14 
with directional data to control parallel movement of the 
mower. Together, the above-mentioned border sensors 6 
infra-red distance measuring devices 18 and digital compass 
13 furnish the routing control data for the mower. 

[0082] The mower includes a rain sensor 19 coupled to the 
computer 14 for detecting prevailing environmental condi 
tions and a tampering detector 20. The rain sensor 19 detects 
rain or wet ground. The moisture or water on the sensor may 
be cleaned and dried using a heating method, thus, when the 
rain sensor detects water continuously because it is raining 
or the working area is too wet, it signals the computer 14 
which then performs a control procedure to stop the opera 
tion and return the machine to the parking area. In place of 
the rain sensor 19, or in addition thereto, a humidity sensor 
may be used which predicts the likely onset of rain and 
triggers the computer 14 to stop the operation and return the 
machine to the parking area. 

[0083] A tampering detector 20 is used to monitor tam 
pering while the mower is parked. Therefore, if the machine 
is tampered with by a stranger, the detector 20 will send out 
a warning signal by means of an alarm 21. The tampering 
detector 20 and alarm 21 will be turned on to protect the 
mower after the computer 14 has stopped its operations. The 
alarm 21 is also used to warn obstacles when encountered by 
the mower during operation. 

[0084] In order to start the machine, the operator must key 
in a secret code into the computer 14, via the operation and 
display panel 15. If the code is recogniZed, the computer 14 
will accept the neXt instruction and turn off the power supply 
to the tampering detector 20. However, if a wrong code is 
keyed in repeatedly, the alarm 21 will be turned on and 
activated. 

[0085] The touch sensitive bumper 5 provides an emer 
gency stop function. In other words, when the lawn mower 
encounters and touches an obstacle during travel, it will stop 
moving forward and will detour instead. The push button 
emergency stop switches 17 for manual control, can stop the 
engine of the lawn mower i.e., the power of the cutting 
blade, wheels of the machine, etc. However, the mower will 
maintain its eXisting operational condition and will not 
detour. 

[0086] The infra-red distance measuring devices 18 detect 
and measure the distance between the machine body and 
obstacles in these directions. This distance data is used by 
the computer 14 for impact-proof, detour and location 
procedures during travel. 

[0087] FIG. 4 shows an automatic working machine, 
which can ?nish work within an area by following a guide 
wire installed around the boundary and can move back and 
forth repeatedly to ?nish the job. 

[0088] When the lawn mower is cutting grass in a recip 
rocating parallel pattern, its forward and backward move 
ment is controlled according to the alternating current at a 
speci?c frequency sensed by the border sensors 6. The 
border sensor 6 at the front of the mower also controls the 
direction of the lawn mower when moving forward along a 
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Wire 23. Therefore, the front end border sensor 6 is made up 
of at least tWo coils for sensing a deviation from the Wire 23 
located on the ground betWeen the coils to adjust and control 
the direction of the moWer. The border sensor 6 at the rear 
end is only for signal detection, and therefore requires only 
one coil. 

[0089] As best explained With reference to FIG. 4, the 
moWer is used in combination With an alternating current 
carrying Wire 23 Which is positioned to de?ne the borders of 
the Working area. A signal generator 22 is installed at a 
suitable point along the boundary Wire and poWer to the 
signal generator 22 is generated by a solar panel charging a 
battery and therefore is alWays sWitched on. The signal 
generator 22 includes a ?rst frequency generator 25 for 
applying a border signal of predetermined frequency to the 
Wire 23, the sensor 6 being capable of sensing the border 
signal as the moWer approaches a border of the Working 
area. The Wire 23, Which carries the ?rst frequency signal 25, 
loops from the signal generator 22, around the laWn in one 
complete circuit of the boundary, and then back to the signal 
generator 22. 

[0090] The Working area includes Within its borders 
eXcluded or restricted areas 30, 31. A second alternating 
current carrying Wire 24 is positioned to de?ne the limits of 
the eXcluded area and the signal generator 22 includes a 
second frequency generator 26 Which applies a limit signal 
of predetermined frequency, different from the border signal, 
to the Wire 24. The sensor 6 is capable of sensing the limit 
signal as the apparatus approaches the limits of the eXcluded 
areas 30, 31. The second Wire 24, Which carries the second 
frequency 26, begins at the signal generator 22, surrounds 
each of the restricted areas 30 and 31 Within the laWn 
boundaries and returns to the generator 22. BetWeen the 
restricted areas 30 and 31 and betWeen the signal generator 
22 and the restricted area 30, the Wire 24 overlaps With itself 
in each direction, to offset the magnetic ?elds therein. Thus, 
the restricted areas are de?ned by the limit signal. 

[0091] The Wires 23 and 24 are laid on the ground or 
underground at an appropriate depth, so long as they are not 
damaged. After the Wires have been laid, and the laWn 
moWer has been set initially, the moWer can operate auto 
matically. 

[0092] An embodiment of the operational logic to control 
the moWer is set out in the How chart of FIG. 3. 

[0093] The clock 16 needs to be set When the computer 14 
is ?rst sWitched on by keying in the present time on the 
operation and display panel 15. From then on, the clock 16 
Will continue its clock function using an independent poWer 
supply Without any further setting, and Will activate the main 
poWer supply of the laWn moWer at a preset starting time to 
achieve automatic starting. The starting time can be set in 
tWo manners: a speci?c time and a periodic time. The 
speci?c time is preset to a speci?c date and time, While the 
periodic time is set at a certain period. For eXample, if the 
laWn moWer stops operation due to raining or inclement 
Weather, it can be preset to start again at the same time on 
the neXt day. 

[0094] The laWn moWer starts automatically at a preset 
time. An inspection of the machine’s condition is performed 
to determine Whether the laWn moWer is ready to operate. 
For eXample, if the light levels are insuf?cient, the machine 
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is reset to the neXt starting time and turned off. If conditions 
are normal, the laWn moWer Will start moving in an up and 
doWn direction across the Working area. At this time, if the 
rain sensor 19 has detected rain, it Will reset the timing and 
turn off the machine. If it is not raining, the laWn moWer Will 
move forWard until the border sensor 6 detects the border 
signal from the ?rst frequency signal generator 25 at the 
laWn boundary, Where the machine Will turn around. This 
operation is then repeated. During the operation, the laWn 
moWer simultaneously monitors Whether the laWn is Wet, or 
the light levels are insuf?cient. If either condition is met, and 
after the machine has ?nished the last line of operation the 
moWer Will come to rest at the boundary. 

[0095] When the laWn moWer encounters a restricted area 
30 and 31 etc, it senses the limit signal from the second 
frequency signal generator 26. Therefore, after moving 
forWard and sensing the limit signal of the restricted area 30 
at the point 33, the laWn moWer turns around and continues 
back and forth on one side of the restricted area 30. At point 
34 the machine has departed from the restricted area 30, and 
Will move to another side of the restricted area 30 by moving 
along the second Wire 24 and moves back and forth on the 
other side of the restricted area 30. The machine Will do the 
same When it encounters another restricted area, such as 31. 

[0096] With the distance measuring device 18, the laWn 
moWer can discern betWeen still and moving objects. If the 
moWer encounters a moving object inside the Working area, 
such as a human being or an animal, it Will ?rst Warn the 
moving object to leave, and then continue forWard. HoW 
ever, if it encounters a still object, it Will detour around the 
still object as it does a restricted area. 

[0097] The laWn moWer may also be operated manually by 
keying a special code on the operator display panel 15 from 
automatic to manual operation. After entering the correct 
secret code, by either using the buttons on the operator 
display panel 15 or a remote control keypad 27, control of 
forWard and/or backWard movement as Well as turning, can 
be performed to cut or trim areas that the automatic opera 
tion may not have covered suf?ciently. 

[0098] It should be noted that the rotating speed of the tWo 
Wheels 2 is not alWays identical due to uneven terrain. 
Therefore, the moving direction of the moWer Will tend to 
deviate from a straight line. The difference betWeen the 
mileage recorded by the tWo Wheels 2 is used as a reference 
in adjusting the machine to move back onto a straight line 
direction, in addition to the digital compass 13. In other 
Words, the Wheel having less mileage is adjusted to a higher 
speed to compensate for the deviation and bring the machine 
back on course in order to folloW a straight line. 

[0099] When the backWard and forWards movement is 
complete, the tWo Wheels are activated in order to turn the 
machine to face in the direction of the boundary Wire. The 
boundary sensors 6 are then able to Work in a different mode, 
Which Will alloW it to folloW the boundary Wire. This enables 
the machine to cut and trim the extreme edge of the laWn. 
This mode of operation can also be used around the edge of 
any restricted areas that may be encountered such as ?oWer 
beds, Washing lines etc. 

[0100] FIG. 5 shoWs the con?guration of an alternative 
embodiment of the invention in Which the castor roller 3 is 
replaced by castor Wheels 36, 37 positioned toWards the 
front and rear of the moWer. 
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[0101] FIG. 6 shows the con?guration of an alternative 
embodiment of the invention in Which the castor roller 3 is 
replaced by a ?xed roller 35. 

[0102] While the present invention has been described 
With particular reference to a laWn moWer, it is to be 
understood that the invention is equally applicable to other 
forms of apparatus for performing Work Within a pre-de?ned 
area, such as sweeping, vacuuming, ?oor polishing, paint 
ing, cementing, soWing, fertilising, aerating and reaping etc. 
In such cases the grass cutting device is replaced by one or 
more tools appropriate to the desired task. 

1. An autonomous mobile apparatus for performing Work 
Within a pre-de?ned area, the apparatus comprising: 

a platform (28); 

tWo ground engaging drive Wheels (2) positioned one at 
each side of said platform (28); 

drive means (11, 12) for independently driving each said 
drive Wheel; 

a control device (14) for continuously controlling said 
drive means (11, 12), Whereby operation of said drive 
means (11, 12) causes the apparatus to progress over a 
predetermined route Within said predetermined area; 
and 

at least one border sensor (6) coupled to said control 
device (14) for sensing the proximity of signal means 
(23, 24) de?ning the borders of said prede?ned area, 
characterised by a navigation device (13) coupled to 
said control device (14) for sensing the orientation of 
the apparatus, said navigation device comprising a 
digital compass. 

2. An apparatus according to claim 1, Wherein said control 
device (14) is capable of operating on the basis of closed 
loop control. 

3. An apparatus according to claim 1 or 2, further com 
prising means (18) coupled to said control device (14) for 
detecting the presence of obstacles lying in the path of said 
predetermined route, and responding thereto. 

4. An apparatus according to any preceding claim, further 
comprising a poWer source (10) carried by said platform 
(28). 

5. An apparatus according to claim 4, Wherein said poWer 
source (10) is rechargeable. 

6. An apparatus according to claim 5, further comprising 
a plurality of solar cells (4) for recharging said rechargeable 
poWer source (10). 
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7. An apparatus according to claim 1, further comprising 
a ground engaging castor Wheel (3) carried by said platform 
(28) at a position spaced from said drive Wheels 

8. An apparatus according to any preceding claim, 
adapted to operate as a laWn moWer, said platform (28) 
carrying a grass cutting device. 

9. An apparatus according to any preceding claim, 
Wherein said control device (14) is pre-programmed With a 
plurality of selectable different routes Within said predeter 
mined area. 

10. An apparatus according to any preceding claim, 
Wherein said control device (14) is manually programmable. 

11. An apparatus according to claim 10, Wherein an 
operator interface (15) is carried by said platform (28), to 
enable programming of said control device (14) by an 
operator. 

12. An apparatus according to claim 10, Wherein said 
control device (14) includes a signal receiver (32), to enable 
programming of said control device (14) by a signal gener 
ating remote control programming device (27). 

13. An apparatus according to any preceding claim, 
Wherein said drive means (11, 12) are capable of indepen 
dently driving each said drive Wheel in both forWard and 
reverse directions. 

14. An apparatus according to any preceding claim, 
Wherein said drive means (11, 12) are capable of indepen 
dently. driving each said drive Wheel at variable speeds. 

15. The combination of an apparatus according to any 
preceding claim With at least one elongate conductor (23) 
positioned to de?ne the borders of said predetermined area, 
and a signal generator (25) for applying a border signal of 
predetermined character to said elongate conductor (23), 
said sensor (6) being capable of sensing said border signal 
as the apparatus approaches a border of said predetermined 
area. 

16. The combination according to claim 15, Wherein said 
predetermined area includes Within its borders an excluded 
area.(30, 31), at least one further elongate conductor (24) is 
positioned to de?ne the limits of said excluded area (30, 31) 
and a signal generator (26) is provided for applying a limit 
signal of predetermined character, distinguishable from said 
border signal, to said further elongate conductor (24), said 
sensor (6) being capable of sensing said limit signal as the 
apparatus approaches the limits of said excluded area. 


